ence the disease onset. The environmental factors implicated include smoking habits, vitamin D levels, periodontitis, and previous infection such as chikungunya. Dietary factors include W3 fatty acids, salt intake, fruits and vegetables, coffee and tea, some with predisposition and others with protection. The objective of the present study was to assess different etiologic factors and their association with RA in our population in Calicut, Kerala, India.
Genetic factors
Having a first-degree relative with RA increases the RA risk by 3-to 9-folds compared with that of the general population. It may be due to the influence of shared genetic and/or environmental factors (3) . More than 30 novel risk loci are identified by genome association studies in addition to well-established associations with the HLA-DRB1 "shared epitope" (HLA-SE) alleles (4) . Interactions between HLA-SE and potentially other risk alleles and environmental factors may contribute to RA pathogenesis (5) (6) (7) . Models that incorporate genetic, serologic, and lifestyle/environmental factors can predict the risk of developing RA more precisely than any of these factors alone (6, 8) .
Environmental factors Smoking
Smoking is the most studied and implicated preventable risk factor for RA, as proven by many twin, case-control, and cohort studies (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . This association was consistent for RF + RA for male and female smokers, as observed in a meta-analysis (26) . A dose-dependent effect of pack-years of smoking was suggested by some studies with a population-attributable risk of 18%-25% (22, 23) . Risk for RA exponentially increases among smokers as it interacts with all alleles of the SE (26) . There may be geographical variations in the association between smoking, ACPA, and RA, as some studies are against specificity for ACPA + RA (27) (28) (29) . Passive smoking and smokeless tobacco do not seem to increase the risk of RA (22, 30) .
Periodontitis
Periodontitis is implicated as a risk factor for the development of many immune-related chronic inflammatory diseases. Oral bacteria, such as Porphyromonas gingivalis, are strong markers of disease status. Many studies have shown the association of RA with periodontitis. The role of citrullination and subsequent autoantibody responses as well as the role of mediators released as a result of bacterial colonization have been proposed in the pathogenesis of RA (31, 32) . Influx of oxygen-consuming inflammatory cells and the overproduction of reactive oxygen species leads to posttranslational modification (33, 34) . There is also enzymatic posttranslational modification (cleavage of extracellular proteins by matrix metalloproteases, bacterial proteases, or citrullination by PAD enzymes (35) (36) (37) . P. gingivalis expresses both arginine-specific proteases and PAD and may be linked to the inflammatory process in RA (33, 38 ).
There appears an increased prevalence of periodontitis and a higher rate of tooth loss in patients with RA in comparison with that in the general population, as suggested by several studies (39) (40) (41) (42) (43) (44) (45) . RA may also be more prevalent among patients with periodontitis (42, 46 Frequent outbreaks of chikungunya fever with polyarthralgia have been observed, which is also proposed as a risk factor for the future development of RA, as suggested by human as well as animal studies (53) (54) (55) .
Meat
A diet high in protein is considered an etiology of RA (56) . However, many studies are also in the favor of a low-protein diet leading to the improvement of RA symptoms (57) (58) (59) (60) . The prevalence of RA is higher in countries with greater consumption of red meat (61). Pattison et al. (62) reported the first prospective investigation of red meat and risk for inflammatory polyarthritis and showed that higher intakes of both red meat and total protein increased the risk for IP, whereas meat iron showed no association. However, there are also some studies that have failed to show any association. For example, a large prospective cohort study conducted among subjects of the Nurses' Health Study failed to demonstrate any association (63) .
High-salt diet
Studies in animal models and on human cells have shown an effect of sodium chloride (NaCl) on T H 17 cells in promoting inflammation, which may be the reason for its proposed association with RA. However, this association was seen in some studies that were conducted only among smokers with RA (64).
Fruits and vegetables
Consumption of fruits and vegetables has several health benefits, which may be largely related to their antioxidant properties. Vitamins C and E, lycopene, carotenoids, flavonoids, and possibly fructose-mediated urate production are probably important in this regard (65) . There are also some studies that suggest that vitamin C and β-kryptoxanthin (a carotenoid) have protective roles, and some studies concerning dietary zinc supplements also exist (66) (67) (68) (69) . Some studies found no benefit of antioxidants, despite testing multiple parameters of antioxidant content (70, 71) . Some observational studies examined whole foods, showing a protective role (72).
Omega-3 fatty acids and fish
Several of studies have shown that omega-3 fatty acids decrease the severity of RA or have a preventive role (73) (74) (75) (76) (77) (78) (79) (80) (81) (82) . Olive oil consumption is one among the best studied omega-3 fatty acids, and fish oil has proven benefits (83) . The prospective Danish Diet, Cancer, and Health population-based cohort study of RA failed to confirm a protective effect of olive oil; however, the consumption of oily fish did, show a trend toward a protective effect (70) .
Methods
The present study was a case-control study. Patients who were diagnosed with RA and who satisfied the diagnostic criteria when they visited our OPD were included, whereas age-and sex-matched individuals without RA, irrespective of other parameters and comorbidities, were used as controls.
Informed consent was obtained from all participants. The study was approved by the Institutional Ethics Committee of the KMCT Medical College.
A total of 118 cases and 581 controls were included. Of the 118 cases, 28% were older than 60 y, 57% were aged between 40 and 59 y, and 15% were younger than 40 y. Also, 87% were females and the remaining 13% were males. Almost 29% of the cases had a disease duration of more than 10 y, 33% between 5 and 10 y, and 38% less than 5 y. All patients were under standard treatment for RA with drugs, such as methotrexate, steroids, leflunomide, hydroxychloroquine, and NSAIDs; other comorbidities, such as diabetes, were less common among the cases than the controls. Each individual was administered a separate questionnaire regarding their risk factors (known risk factors were studied). The implicated dietary factors were incorporated in a food frequency questionnaire (FFQ) and were administered to both cases and controls. Comparison was made between those who consume an item at a particular frequency, those who consume less, and those who consume nothing at all. Among those who consume, each group was re-compared. Statistical analysis was conducted using SPSS.
Results

Genetic factors
In the present study, among the 118 cases, 15 (13%) had first-degree relatives with RA, two (0.02%) had second-degree relatives, and only 1 (0.01%) had a third-degree relative with RA. Among the controls, 15 (0.03%) had first-degree relatives, none had second-degree relatives, and two had third-degree relatives (Table 1). The p value was significant, showing a strong positive association, with an OR of 7.64.
Smoking
In our study group, majority of the cases were women and all were nonsmokers. Hence, the association could not be established.
Periodontitis
We compared the incidence of periodontitis among those with RA and an age-and sexmatched general population. The presence of periodontitis was assessed by personal interview and dental examination using probing pocket depth and clinical attachment loss. The extent of periodontitis was not graded. A total of 118 patients with RA and 581 age-and sex-matched controls were observed. Among these cases, 46 had periodontitis (39%); however, among the 581 controls, only 61 (11.73%), with p<0.05 and an OR of 5.84, showed a strong positive association between RA and periodontitis (Table 2) .
Sun exposure
We assessed the average sun exposure for at least 1 hour per day in the open sun and the usage of covered clothes in the sun. We compared these results with those of controls (Tables 3 and 4).
Sun exposure and RA were negatively associated, which was statistically significant with (p<0.05). The comparison was based on sun exposure as well as the usage of covered clothes on a routine basis (OR=1.13). This association may be related to vitamin D, compounded by other factors like exercise.
History of chikungunya
We compared the clinical history of chikungunya in patients with RA and in controls. History of chikungunya was assessed by IgM positivity and typical symptoms during the epidemic of chikungunya as per hospital records. There was a significant association between the history of chikungunya and RA. Among all cases, there were 32.2% individuals with a history of chikungunya, whereas among controls, there were only 4.48% with a positive history, the p value being significant (Table 5 ) and OR of 8.73.
Meat consumption
We administered separate questionnaires for cases and controls regarding meat consumption, as frequency of servings taken. In our study, we could not find any positive association between meat consumption and RA. Actually, there was a negative correlation ( Fig.  1) , with an OR<1. The probable reason was that many of our patients with RA were longterm RA patients and were advised to take less amount of meat and a majority of patients were even following this. Thus, this negative association could not be taken as a real one, although the p value was significant.
Salt intake
The assessment of salt intake was difficult in our form of dietary practice, and we assessed it using the questionnaire related to excess salt intake in the form of specific food items: salted fish and meat, papads (a food item with high salt content), and pickles, according to number of servings per day/week/month. The comparison did not show any predisposition with salt intake; however, RA was less common in this group with a significant p value (Figs. 2-4) . OR also showed a negative correlation. This may not be the real scenario as many of the patients with RA were under strict diet restrictions and low salt intake. To assess this association, a prospective cohort study is probably needed.
Vegetables and fruits
By personal interview, the average intake of fruits and vegetables was separately assessed.
Consumption among cases and controls was grouped as number of servings per day/week/ month. Each group was then compared with the rest of the population and also with the exposed group ( Figure 5 ).
The association was inconsistent through the group. There appears to be a protective role for vegetables, because the consumption increases with a significant p value; however, this association was not consistent for green leafy vegetables (Table 6 ). There also appears a trend toward protective roles for fruit; however, the association was not statistically significant (Table 7) .
Fish consumption
We studied fish consumption among the patients with RA and age-matched controls as the number of servings per day/month/week. Regarding fish, there was a stronger association throughout the group, with a more significant p value (Table 8) . Comparison was made on the basis of daily consumption as well as whether consuming or not. Either way, a positive relationship was observed (OR=1.4 and 1.43, respectively).
Oily food and fried items
Consumption of oily food and fried bakery items was also studied in the same manner. Majority of the population used vegetable oil for cooking, which also included coconut oil (Tables 9 and 10 ). In fact, there was a negative association with OR<1. This may be due to modified long-term dietary habits followed by patients on the physician's advice.
In conclusion, omega-3/PUFAs have an inconsistent association as obtained from daily oil usage; however, fish intake, particularly on a daily basis, has shown a protective effect against RA.
Other parameters investigated were tea, coffee, alcohol, pan chewing, egg, milk, etc. These variables did not show any association with RA.
Discussion
There is a positive association with a family history of RA among close relatives as seen in other studies. Regarding the environmental factors studied, there is a definite correlation Paul and Pariyapurath. Risk factor assessment of rheumatoid arthritis in North Kerala Eur J Rheumatol 2018 with the history of chikungunya. Another association was obtained with sun exposure, which is negative. Vitamin D levels were not assessed.
Periodontitis was another factor found to be significantly associated with RA.
Regarding the food items studied, the consumption of vegetables and fruits seems to have a protective role; however, the significance is inconsistent. Another factor with a protective effect was fish intake.
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Study limitations
Genetic and environmental factors were easily comparable between the groups; however, many of the patients were long-term RA patients and it was difficult to obtain their dietary habits prior to disease development. Rather, many of them were advised by the treating clinician regarding the dietary modifications and the need to maintain an ideal body weight. Thus, many reported modified sorts of dietary habits. This was probably the reason for the lack of association with many dietary elements. For obtaining such details, a prospective cohort study is needed.
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